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Abstract 
One of the water treatment process used is Actiflo system, utilized the concept of a pre-determined amount of 
microsand concentration to expedite flocs settling by mixing a chemical known as microsand into the treatment. A high cost in 
chemical due to excessive amount of microsand consumption to treat water. The need of additional microsand is due to high 
volume of unwanted debris being pumped from water intake plant into Water Treatment Plant (WTP), resulting frequent 
equipment breakdown and inefficient microsand recirculation. This leads to microsand wastage and higher maintenance cost. 
Pareto Diagram method is used to determine and solve higher chemical cost consumption due to frequent equipment problem. 
Bernoulli’s Principle is used to obtain optimum mesh size of debris strainer.  The strainer designed using CATIA V5 software. 
Data collected before and after implementing the strainer to analyze the result of microsand concentration and consumption. A 
comparison and analysis of chemical and maintenance cost explained using Microsoft Office Excel table and graph. The results 
showed that the new debris strainer design has improved by 33% of microsand cost and 80% on maintenance cost. 
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1. Introduction 
Nowadays, research been done on how to treat water effectively and improved water treatment process 
continuously in order to cater human needs competently. Sungai Selangor Phase 2 (SSP2) Water Treatment Plant 
(WTP), operated by Puncak Niaga Sdn. Bhd. (PNSB), utilize the Actiflo technology which is the most advanced 
water treatment technology used in Malaysia able to produce 950 million liters treated water per day from  raw 
water extracted from the Sungai Selangor River into drinkable water. The Actiflo system functions as the main 
treatment process for the production of treated water from SSP2 WTP to cater the demand of consumers in 
Selangor, Kuala Lumpur, and Putrajaya. Fig. 1 shows the Actiflo system consists of coagulation tanks, injection 
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tanks, flocculation tanks, settling tanks, and other vital components like hydrocyclone, recirculation pumps, and 
lamella plate settler that made the technology unique compared to other WTPs available in Malaysia.   
 
 
Fig.1: Actiflo Flow Diagram. 
 
The Actiflo technology utilized the concept of a pre-determined amount of microsand concentration to 
expedite the settling of flocs, which would then be partially recirculated in to the treatment process. The problem 
faced by the WTP is the high cost in chemical due to excessive amount of microsand being consumed to treat the 
river water into drinkable water every month for human consumption. The need of the additional microsand 
consumption is due to the high volume of unwanted debris that is being pumped from the water intake plant into the 
WTP, resulting in frequent equipment breakdown and inefficient microsand recirculation, which leads to its 
wastage, and also higher manpower and maintenance cost. According to previous data on microsand consumption 
trend, the design loss rate in Actiflo system is approximately 10%, but due to the wear and tear of the equipment, the 
loss rate is estimated higher between 20-30% [1, 2]. The objective of this work are 1) identify the root cause, gather 
data, and to determine which Actiflo incurred the highest additional cost for the microsand consumption, 2) to 
design the optimum size of the new debris strainer and its mesh dimension without upsetting the water treatment 
process, and 3) to validate the data obtained and determine the savings achieved in terms of chemicals and 
maintenance cost. 
2. Background 
Actiflo system was developed by OTV, a French company in 1990s [3]. Actiflo system was then first being 
introduced in Malaysia in 1995, by CGE Ltd and it was later renamed to Veolia. The fundamental principal behind 
the technology was to expedite the settling process of the agglomerated impurities in the water sources, better 
known as flocs, within a short period of time and travelling distance in the settling tanks by using microsand with 
high specific-gravity which will sediment quickly in the settling tanks. The typical treatment efficiency when using 
Actiflo system resulting in 85% of suspended solid and 60% of Chemical Oxygen Demand (COD) [4]. Meanwhile, 
the disadvantages of this system are the need to maintain higher numbers of pumps and mixers as compared to 
conventional system, and high usage of electricity.  
 
The WTP source of raw water is from the natural resource that is highly potential for contamination from 
wastewater discharges, urban rainstorm water, agricultural runoff and land clearing activities for development. WTP 
technologies are consist of three basic units; coagulation or flocculation and sedimentation, filtration, and 
disinfection in WTP [5]. Coagulation defined as “The addition of certain chemicals into the raw water causes 
particles to destabilize and allows agglomeration and floc formation to occur” [5]. In this process, it consists of two 
chemicals which are coagulant and flocculant. Chemical coagulants are commonly positive charge and it function to 
neutralize the negative charge of particles in the raw water to bind them together. Then, chemical flocculants 
function to assist the meshing and joining of the binding particles together to form a larger particles called ‘floc’ that 
are large enough to settle out. This settling process is called sedimentation. Hence, this settling time will take shorter 
time if the floc is larger and heavier [6] (Refer with Fig. 2). 
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Fig.2: Process of Coagulation, Flocculation and Sedimentation 
 
     An Actiflo system typically have additional tank, namely injection tank before its flocculation tank. At 
the injection tank, the floc is formed using the polymeric flocculent and microsand [7]. In this tank, the polymer acts 
as a bonding agent between microsand and the coagulated matter. Hence, flocculated particles will be formed at the 
size of many times of the individual matter. The microsand act as “seed” since the microsand makes the suspended 
solid to settle out faster in flocculation process [8]. This is because microsand provides a large bonding surface area 
to the solid and act as ballast or weight. Hence, this microsand has higher settling velocities and takes only 2 
minutes to produce higher clarifier overflow rates [7]. The flocculation tank is where microsand and the destabilized 
suspended solids will undergo the bridging process with the help of polymer, dosed in the injection tank, that act as 
a bonding agent at a mild mixing condition around six to eight minutes [7]. The Actiflo Sedimentation tank, where 
flocs will flow into the sedimentation tank and settled into the bottom of the tank because of the heavy weight of the 
microsand. However, some of the flocs that managed to escape the sedimentation zone will eventually be blocked 
by the inclined lamella plates or tube settlers depending on the application. The presence of lamella plates or tube 
settler would provide the rapid and effective removal of the microsand. 
 
A study conducted by Latker [9] conducted an Actiflo pilot study in order to investigate the performance of 
the microsand ballasted process while treating Willamette River Water.  The study was performed with a great 
amount of success and verified design parameters for the Actiflo Process. The study shows that the microsand 
specific gravity, 2.65 is higher then the alum floc, 1.05-1.2, thus providing good accelerated settling process. 
Another study conducted by The King County Department of Natural Resources used nine-month pilot-testing 
program to assess the performance of emerging wastewater treatment technologies [1]. The ballasted flocculation in 
Actiflo process was tested to determine its utility for primary treatment. The results showed that for pollutant 
removal, both additional polymer and coagulant is a must or else, will affect the turbidity of the water. Thus, to 
minimize the process upset due to chemical consumption, a good feed pumps, chemical feed, and turbidity 
monitoring equipment must be capable in this WTP application. 
3. Method 
In order to collect the microsand concentration data, a microsand test method must be used. Microsand test 
is a test done by the operator using Imhoff cone to determine the concentration of microsand balance in the actiflo 
system at any one time. In principle, the microsand concentration in the Actiflo system must be in between 1.6 
kg/m3 to 3.0 kg/m3. From the microsand test, the loss of microsand will be determined theoretically by calculating 
the curent balance and the required amount to be added back into the Actiflo system.  
 
The balance of microsand concentration, m 
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Reading of microsand balance test = n, kg/m3 
Microsand specific gravity = 1.5 
Recirculation pump volumetric flow rate = 144 m³/hr 
Number of recirculation pump = 2 
Actiflo tank volumetric flow rate = 4416.67 m³/hr  
The scope of maintenance for equipment breakdown related to unwanted debris pumped into the treatment 
system typically involves manpower without any additional spare parts required. This is due to the nature of the 
breakdown which only needs to clean the clogged strainer but requires delicate procedure to shutdown the Actiflo 
system. Hence, based on standard job-load duration to conduct the shutdown and cleaning of the clogged strainer at 
the WTP, it is set at 90 minutes or 1 and a half hour. Mechanics shall need to comply the duration limit, regardless 
of the rectification to be done during normal or over-time working hours. Sample for the calculation of maintenance 
cost as follows: 
i. Maintenance Duration    =  1.5 hour 
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ii. Maintenance Staff average salary            =  RM 1500 / month / person 
                                                                                 = RM 7.20 / hour / person 
     (Based on 26 days, 8 hrs / day) 
iii. Manpower            =  2 person / maintenance  
iv. Maintenance cost = Manpower x Staff Salary x Maintenance Duration 
                  = 2 person x RM 7.20 x 1.5 hour 
                                 = RM 21.60 / Maintenance 
 
           Mathematical modeling will be done by applying the data of the three identified parameters namely the 
incoming raw water volumetric flowrate (Qinflow), the maximum surface load allowable on the debris strainer 
(Astrainer) and to be correlated with the strainer mesh diameter size (Dmesh). In general, the correlation between mesh 
diameter size and strainer surface load is inversely proportional.  Smaller mesh size will result in higher strainer 
surface load and thus, will be able to cater higher incoming raw water flow rate. Fig. 3 explained the rectangular, 
sharp-crested weir geometry which is same like the actual weir design located in between coagulation and injection 
tank.  
 
Fig.3: Rectangular, sharp-crested weir geometry 
 
The fundamental mathematical principle used for the design of the debris strainer is the Bernouli’s    
principle equation [10]:   
g = gravitational acceleration, 9.81m/s2 
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 ; 
C1 = constant, 
w
P
HC u 075.0611.01  
Pw = injection tank weir height,  
H = head distance from top of weir to top water level, 
b = weir width, 
Qinflow = Raw water flowrate from coagulation tank, 
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The Bernoulli’s equation as elaborated above is used to design the optimum size of the debris strainer as 
per below; 
62.0075.0611.01  u 
wP
HC  
           
m
m
15.5
76.0
075.0611.0 u     
=1.38 m x 0.76m  
 = 1.04 m2 
 
Thus, the minimum allowable opening at Actiflo, Astrainer, is 1.04 m2. This result will be the basis to calculate the 
optimum surface load of the debris strainer. If the debris strainer opening is lower then 1.04 m2, the production 
outflow would be reduced and affected.  
 
 
 
 
              Whereby, 
Pw = injection tank weir height (between coagulation and injection tank), 5.15m 
H  = head distance from top of weir plate to top water (strainer height) level,  0.76m 
 
Hence, the raw water flow rate from coagulation tank for 1 Actiflo, Qinflow; 
1080,000,000 liter per Day (MLD) for 5 Actiflos 
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                           = 12.5 m3/s for 5 Actiflos 
Thus, Qinflow for 1 Actiflo 
5
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           = 2.5 m3/s                                          
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b = 1.38 m 
Hence, minimum allowable opening at the weir of injection tank, Astrainer; 
Astrainer = b x H 
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4. Results and Discussions 
 
Fig.4: CATIA V5 is used to design debris strainer 
 
Bernoulli’s Principle is used to achieve the minimum allowable opening at Actiflo, 1.04 m2. The design of the 
debris strainer allowable opening must be equal or more then 1.04 m2 so that the production outflow would not be 
reduced and affected. The new debris strainer total mesh wire size designed 1.05 m2 using CATIA and utilize 
recycled materials such as steel type of material frame and steel mesh wire to withstand the debris from entering the 
injection type (Refer with Fig.4) . The installation of the new debris strainer is at the weir between the coagulation 
and injection tank.  
 
 
Fig.5: Trending of the microsand concentration before and after new debris strainer  
 
Fig. 5 shows trending of the microsand concentration before and after new debris strainer implementation 
for 1 month time. A total of 119 tonnes or RM 86,870.00 of microsand was consumed prior project implementation, 
which leads to 80% higher of microsand comsumption cost during the period. The excess microsand consumption 
was 5  tonnes or RM 3,650.00, roughly 50% higher as compared to average of 6 tonnes or RM 4,380.00. After 
project implementation of the new debris strainer, a total of 8 tonnes or RM 5,840.00 savings of microsand managed 
to be achieved compared to 5 tonnes or RM 3,650.00 of excessive usage monitored before the work. Difference 
between the savings and standard cost per month is calculated at RM 1,460.00 or 33%. 
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Fig 5: Bar chart of clogged strainer frequency before and after new debris strainer  
 
Fig. 5 shows the bar chart of clogged strainer frequency before and after new debris strainer 
implementation. It is observed that the breakdown type that contributed the most to the high microsand consumption 
is the clogged strainer, amounting to 30 cases or 44.1% within 3 months or on average, 10 cases per month prior 
project implementation. After new debris strainer implementation, it is observed that only 2 cases per month within 
3 months, where there is a reduction of 80% in of the existing debris strainer breakdown frequency when compared 
between before and after the new debris strainer implementation.The total maintenance cost is calculated only at 
RM 518.40 per year based on the average of the monitoring period. 
Conclusion 
The main cause of higher chemical cost is caused by the higher amount of microsand consumption due to 
the needs to add the additional microsand concentration to stabilized the microsand concentration between 1.6 and 
3.0 kg/m3 in Actiflo process. New debris strainer with the optimum size of the wire mesh was design and fabricated 
using recycled materials and installed at injection tank of Actiflo without upsetting the water treatment process. 
Based on the overall performance of the pilot study, it can be said that there is absolute necessity for SSP2 WTP to 
requisite, install, and standardize this concept throughout all Actiflo Plants in the WTP since total of RM 413,062.40 
cost saving achieved if this project implementation and standardization towards to all 10 Actiflo system. Hence, the 
new debris strainer design has improved by 33% of microsand cost and 80% on maintenance cost. Nearly 90% total 
cost reduction achieved the objective of this project that is to reduce the total cost to treated raw water to drinkable 
water.  
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